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I. INTRODUCTION
The study of the strength of brittle matrix composites has been investigated extensively by Fulrath and his co-workers .
-5 They have
' chosen one general system for study in order to deal effectively with the interrelated variables. This system has been tungsten, alumina, or nickel microspheres embedded in soda borosilicate glass matrices. From this work, four variables have been shown to effect the composite stre.ngths. They are ( 1) the relative size and vol. % of the dispersed phase, ( 2) the bonding· characteristics betWeen the dispersed phase and the matrix, ( 3) the difference in the thermal expimsion of the matrix and the dispersed phase, and (4) the difference in the elastic properties of the matrix and dispersed phase.
The system used in this study was Alz03 microspheres of the same size and vol. % dispersed in a soda borosilicate glass of the same thermal expansion as that of Alz03. This insured that each of the above four variables. was held essentially constant. The largest variable of a single glass composition was found to be the amount .of hydroxyl ions in the glass.
Several investigators have studied the effect of chemically absorbed . .. 6
water on the structure and physical properties of glasses. Sholze proposes that water enters the glass by the reaction
This breaks up the si~ica structure as shown in the reaction
As a natural consequence of these structural cha.nges, the viscosity, density, and nearly all other physical properties change to some extent.
These changes were discussed.by Sholze, 6 . and Heatherington and Jack. 7
Infrared·spectroscopy has been shown to be an effective quantitative tool in determining water contents in glass. Specifically in a soda borosilicate glass. an absorption peak occurs at 2. 75 microns whieh is attributed to the Sl. 
a water concentration, c, can be determined. Because the extinction coefficient, £, is not available for all glasses, a value of 56 £/mole H 2 0-cm was used which was det~rmined by.Gatz 8 for a Na20-CaO-Si0 2 glass o:f nearly the same Si02 concentration of t~ glass used in this study. (1) Melting and firing of b;:,ric acid, Na 2 C0 3 and silica sand in a platinum crucible in air at 1350°C for 2 hr.
(2) Melting and firing of anhydrous borax, Na2C0 3 , and silica sand in a platinum crucible in air at 1350°C for 2 hr.
( 3) Vacuum remelting of ( 2) in a vitreous carbon crucible at 1200°C for 1/2 hr.
(4) Hixing the crushed powders of (1) and (2) in a 50-50 wt % mixture.
To insure e.ffecti ve mixing wi.th the alumina nJi,~rospheL·e::;, l.he glass was then 1Jall milled for 6 hr. which gave a glass particle size comparable t•) that of the Al203 spheres.
The .tlzO:~ microspheres were prepared in a R-F .induction plasma unit.
The raw mat~rial: was Norton 38-500 abrasive grain. The spheroidized Of ali the glasses was found to be 8 X 10-6 in/in°C.
B. Mechanical· Testing· and Infrared Measurements
Uniaxi~-strengths were measured on a four point loading device
with an overall span of 3/4 in. and a supporting span of 1/4 in. Uniaxial glass strengths are shown in Table I and plotted against water concentration in Fig. 2 . Figure 2 shows that ( l) the as-sawn and abraded glass strengths increased with increasing water content, and (2) the difference between the as-sawn and abraded strengths increased with increasing water contents.
In the composites, there was a slight difference in the interparticle spacing from composite to composite which would vary the strengths as hypothesized by Hasselman. -11-Therefore, elastic modulus and fracture surface energy changes were considered to be smal l.
It was also postulated that the water content could a f fect the degree of bonding between the alumina and the glass. Figu~·e 4 is a scanning electron micrograph of a composite fracture surfar e. This type of fracture was typical for all the composites and showed 1: :. good b ond (i.e. no pull-outs) in all cases. Also, with the aid of t h e electron microprobe it was found that the dissolution of Al 2 0 3 into the glass was negligible and did not vary ri th water con tent. Because a good bond existed in all the composites and the bond was unifom with varying water contents, its effect on the strengthwas considered negligible.
The scanning electron microscope did reveal some interesting differences in the as-sawn and abraded glass surfaces which could be related to the strength. Figures 5 and 6 show the cutting action of the fine grit saw blade on glasses with varying water contents. Figure 5 shows that the lowwater content glass was cut by a chipping process 'Which develops large pits and sharp intersections in the as-sawn surfaces. Comparing Fig. 5 to Fig. 6 the sawing action has caused the high water content glass to flow and create large smooth patches on the sawn surface. This suggests that with increasing water content the low temperature viacosity· decreases enough so that the heat generated by and low water contents. It can be seen that with decreasing water contents the surface appears to be less severely damaged by the abrasion. 
